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(57) The invention provides for a circuit for detecting 
whether a reference clock signal (23) which can be one 
of n phase-shifted adjacent clock signals, of a phase- 
locked loop (PLL) (20) is aligned with incoming data 

(21 ) , comprising a data sampler (26) for sampling bits 
of the incoming data (2 1 ) with each of the adjacent clock 
signals (23), wherein a first of the adjacent clock signals 
(23) clocks bits 0, 0+n, 0+2n, ... and a second of the 
adjacent clock signals clocks bits 1, 1+n, 1+2n, ... . Al- 
so, a PLL circuit for recovering a clock signal from in- 
coming data is provided, comprising a clock generator 

(22) for generating an odd number, n, of phase-shifted 
adjacent clock signals; a data sampler (26) for sampling 
the incoming data; a first pair of outputs from the sam- 
pler, for use in a phase detector (34) (along with a ref- 
erence clock (25) of the adjacent clock signals and the 
incoming data), capable of producing an adjustment 
output. Another characterization is a method for recov- 
ering data in a PLL comprising the steps of: generating 
n phase-shifted adjacent clock signals for sampling bits 
incoming to the PLL; wherein a first of the.adjacent clock 
signals clocks bits 0, 0+n, 0+2n, .... and a second of the 
adjacent clock signals clocks bits 1, 1+n, 1+2n, .... Sim- 
ilarly, a third of the adjacent clock signals can be used 
to clock bits 2, 2+n, 2+2n, as well as a fourth and fifth 
of the adjacent clock signals 
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Description 

The present invention relates to data sampling and 
recovery and in particular, but not exclusively, to the 
sampling and recovery of clock signals. The invention 
may also provide tor data sampling/recovery in phase- 
locked loop (PLL)-type circuits as well as the use of 
PLLs tor generating, aligning, and recovering data such 
as clock signals. More particularly, this invention can re- 
late to an improved circuit for detecting whether a refer- 
ence clock signal of a PLL is aligned with incoming data, 
an improved PLL circuit for recovering a clock signal 
from incoming data and an improved method of recov- 
ering data in a PLL. 

Background information describing and illustrating 
PLLs currently in use for clock generation and synchro- 
nization can be found in an 1992 IEEE publication Cir- 
cuits & Devices article entitled Designing On-Chip Clock 
Generators (pp. 32-36), authored by applicant Dr. Dao- 
Long Chen, as well as two reference texts: Electronic 
Communication Techniques , third edition, by Paul H. 
Young (see esp. all of chapter 10, and pp. 721 -723); and 
Principles of CMOS VLSI Design, A Systems Perspec- 
tive , second edition, by Neil H.E. Weste and Kamran Es- 
hraghian (see esp. pp. 334-336, and pp. 685-689). 

PLL data recovery circuits are useful for recovering 
data and/or clock signals aftertransmission over a dis- 
tance using, for example, fibre-optic (glass) cables. One 
recent PLL-type combination clock recovery circuit and 
demultiplexer circuit has been described (U.S. Patent 
No. 5,301 ,196) to operate at either half, or one-quarter, 
the data rate of a received data signal. The combination 
of circuits described is preferably designed for "the logic 
family of Gallium Arsenide (GaAs) MESFET differential 
current switched logic". The circuit combination includes 
a ring oscillator for generating either two phase-shifted 
clocks (0° and 90° for the half-speed circuit), or four 
phase-shifted clocks (0°, 45°, 90°, and 135° for the one- 
quarter speed circuit). The received data signal is used 
to edge-trigger either two (in the half-speed circuit), or 
four (in the one-quarter speed circuit) flip-flops to sam- 
ple, respectively either the two clocks (0° and 90°), or 
four clocks (0°, 45°, 90°, and 135°). The outputs of ei- 
ther the two, or four, flip-flops are then fed into an exclu- 
sive-OR gate, or a parity generator which has been con- 
nected in series with a loop filter and the ring oscillator. 

PLL circuits used in today's high frequency systems 
are typically made using Silicon (Si) bipolar or GaAs (as 
preferred in the half- and quarter-speed circuits de- 
scribed above) integrated circuit technology. These PLL 
technologies are very limited in use due to high power 
consumption and/or high manufacturing cost. It is well 
understood that the manufacturing cost and/or power 
dissipation in MOS is generally lower than in compara- 
ble Si bipolar or GaAs circuits. These, among other rea- 
sons, make it desirable to build PLLs for high-perform- 
ance communications systems using CMOS technolo- 
gy. However, building PLL components out of CMOS 
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that can reliably operate at such very high data rates (for 
example, at or in excess of 1 -Gb/sec), has been beyond 
current CMOS technology capabilities. 

The present invention seeks to provide for a data 
s sampl ing and/or recovery method and apparatus having 
advantages over known such methods and apparatus. 

According to one aspect of the present invention 
there is provided a circuit for determining whether a ref- 
erence clock signal is coincident with incoming data, 
10 characterised by means for determining whether one of 
n phase-shifted adjacent clock signals of a phase- 
locked loop (PLL) coincident is with the incoming data, 
and comprising a data sampler for sampling bits of the 
incoming data with each of the adjacent clock signals, 
is wherein a first of the adjacent clock signals clocks said 
bitsO, 0+n, 0+2n, and a second of the adjacent clock 
signals clocks said bits 1, 1+n, 1+2n, .... 

The invention is advantageous in providing a meth- 
od of recovering data in a phase -locked loop (PLL), that 
20 can be implemented using CMOS technology for high- 
speed serial data communication systems. Also, the in- 
vention can provide a circuit, for use in communication 
systems, capable of detecting whether a reference clock 
signal of a PLL is aligned with data incoming at a higher 
25 rate than the PLL's operating frequency where the ref- 
erence clock is one of n phase-shifted clock signals. 

Advantageously, the circuit can include a first phase 
detector that operates on a first pair of outputs from the 
data sampler, and second phase detector that operates 
30 on a second pair of outputs from the data sampler, and 
so on. A phase adjustment output can be provided, as 
necessary to a charge pump connected in series with 
a clock generator. Also provided is a PLL circuit for re- 
covering a clock signal from incoming data having a 
35 clock generator for generating an odd number, n, of 
p nase _shifted adjacent clock signals, and a data sam- 
pler for sampling the incoming data. A first pair of out- 
puts from the data sampler may be used in a phase de- 
tector (along with a reference clock of the adjacent clock 
40 signals and the incoming data) for producing a phase 
adjustment output. 

Advantageously said first phase detector further 
comprises first and second flip-flops, each of which op- 
erates with an output of said logic-AND device, an out- 
45 put of said first latch, and the other of said pair of adja- 
cent clock signals : and second and third latches, each 
for sampling an output of each said flip-flop with the ref- 
erence clock; said second and third latches for produc- 
ing a phase adjustment output. 
so Also, a phase adjustment output of the circuit for a 
current-type charge pump connected in series with a 
loop filter and an n-stage voltage-controlled oscillator 
(VCO) having generated the adjacent clock signals. 
Preferably, the circuit further comprises a second 
55 phase detector in series with a second charge pump, 
both of which are connected in parallel with said first 
phase detector and said current-type charge pump, and 
in which a second pair of outputs from said sampler 
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(wherein at least one of said second pair is different from 
said first pair of outputs) is used in said second phase 
detector along with a second reference clock signal of 
the adjacent clock signals and the incoming data. 

Advantageously, a phase adjustment output of the s 
circuit for a charge pump is connected in series with an 
n=5 -stage voltage-controlled oscillator (VCO) having 
generated the adjacent clock signals, and a third of the 
adjacent clock signals clocks said bits 2, 2+n, 2+2n, .... 
a fourth of the adjacent clock signals clocks said bits 3, 10 
3+n, 3+2n, .... and a fifth of the adjacent clock signals 
clocks said bits 4, 4+n, 4+2n, ... 

Preferably, the charge pump is a voltage-type 
charge pump connected in series with a low-pass loop 
filter and said VCO; and the circuit further comprises a is 
first pair of outputs from said sampler for use in a first 
phase detector along with the reference clock signal and 
the incoming data. 

According to another aspect of the present inven- 
tion there is provided a method of recovering data in a 20 
phase-locked loop (PLL) characterised by the steps of 
generating n phase-shifted adjacent clock signals for 
sampling bits incoming to the PLL; wherein a first of said 
adjacent clock signals clocks said bits 0, 0+n, 0+2n, .... 
and a second of said adjacent clock signals clocks said ?s 
bits 1, 1+n, 1+2n, ... . 

Preferably, a third one of the adjacent clock signals 
can be used to clock bits 2, 2+n, 2+2n, .... Likewise, a 
fourth clock can be used to clock incoming bits 3, 3+n, 
3+2n, .... and a fifth clock signal can be used to clock 30 
incoming bits 4, 4+n, 4+2n, ... . 

Preferably, the method includes the steps of detect- 
ing whether a reference clock of said adjacent clock sig- 
nals is aligned with said bits, and in the event of non- 
alignment, producing a phase adjustment output. 35 

Advantageously, said step of detecting further com- 
prises the steps of using a first pair of said sampled out- 
puts, a reference clock of said adjacent clock signals, 
and said bits to produce said phase adjustment output, 
and the method further comprising the step of making 40 
any requisite phase adjustments to the PLL. 

Also, the method may further comprise the step of 
detecting whether a second reference clock of said ad- 
jacent clock signals is aligned with said bits, and in the 
event of non-alignment, producing a second phase ad- *s 
justment output to make any second requisite phase ad- 
justment to the PLL. 

Particular advantages exhibited by the various as- 
pects of the present invention in providing an improved 
method for recovering data in a PLL and improved cir- so 
cuits for detecting whether a reference clock of a PLL is 
aligned with incoming data, as described herein, are as 
follows: (a) the clock generator and phase detection 
components of the PLL need not operate at the same 
high-speed as the incoming data; (b) by reducing the ss 
speed at which the PLL circuit components operate, in- 
tegrated circuit technology typically reserved for lower 
speed circuits, can be used to implement the improved 



method and circuits; (c) also, by reducing the speed at 
which PLL components must operate, power consump- 
tion of the implemented improved method and circuits 
wilt be reduced; (d) the reduced PLL operation frequen- 
cy allows CMOS technology to be used, which can lower 
the overall cost of the integrated circuit ("chip") fabricat- 
ed to implement the improved method and circuits; (e) 
more particularly, since the power dissipation in MOS is 
generally lower than in comparable bipolar circuits, us- 
ing CMOS technology to implement the improved meth- 
od and circuits will lower power consumption of the PLL; 
and (f) versatility --either bipolar or MOS technology can 
be accommodated. 

The invention can also provide for a phase-locked 
loop (PLL) circuit for recovering a clock signal from in- 
coming data, comprising a clock generator for generat- 
ing an odd number, n, of phase-shifted adjacent clock 
signals, a data sampler for sampling the incoming data, 
and a first pair of outputs from said sampler for use in a 
first phase detector along with a reference clock of said 
adjacent clock signals and the incoming data wherein 
said phase detector is capable of producing an adjust- 
ment output for said clock generator. 

Preferably, the clock generator comprises an n- 
stage voltage -controlled oscillator (VCO) arranged to 
generate said adjacent clock signals to operate at a 
trimmed frequency close OT 1/n times the incoming da- 
ta frequency, and said first phase detector further com- 
prises a logic-AND device for operating on said first pair 
of outputs, one of which is inverted, and a first latch for 
sampling said reference clock with the incoming data. 

Advantageously, the PLL circuit is such that a fre- 
quency detector sufficiently locks-tn the PLL circuit to 
the frequency of said reference clock, said clock gener- 
ator is an n-stage voltage-controlled oscillator (VCO), a 
first of said adjacent clock signals clocks said bits 0, 
0+n, 0+2n, .... a second of said adjacent clock signals 
clocks said bits t, 1+n, 1+2n, .... and a third of said ad- 
jacent clock signals clocks said bits 2, 2+n, 2 +2n, .... 

Further, said clock generator may comprise an n- 
stage voltage-controlled oscillator (VCO), said data 
sampler may comprise n latches, and said first phase 
detector may further comprise a logic-AND device for 
operating on said first pair of outputs, one of which hav- 
ing been inverted, a first latch for sampling said refer- 
ence clock with the incoming data, and first and second 
flip-flops, each of which operates with an output of said 
logic-AND device, an output of said first latch, and an- 
other of said adjacent clock signals. 

Yet further, the present invention provides for a cir- 
cuit for detecting whether a reference clock signal, one 
of n phase-shifted adjacent clock signals, of a phase- 
locked loop (PLL) is aligned with incoming data, com- 
prising a first pair of clocked outputs from a data sampler 
for use in a first phase detector along with the reference 
clock signal, and a second pair of clocked outputs from 
said sampler wherein at least one of said second pair is 
different from said first pair, is used in a second phase 
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detector along with a second reference clock signal ot 
the adjacent clock signals. 

Preferably, said first phase detector is capable of 
producing a first phase adjustment output for a first 
charge pump in series therewith, said second phase de- 
tector is capable of producing a second phase adjust- 
ment output for a second charge pump in series there- 
with, and said phase adjustment outputs are for a clock 
generator of the adjacent clock signals. 

Advantageously, said first phase detector further 
comprises a logic -AND device for operating on said first 
pair of clocked outputs, one of which has been inverted, 
and a first latch for sampling the reference clock with the 
incoming data. 

The circuit may further comprise a third pair of 
clocked outputs from said sampler, wherein at least one 
of said third pair is different from said second pair, and 
is used in a third phase detector along with a third ref- 
erence clock signal of the adjacent clock signals and the 
incoming data. 

Preferably, said third phase detector is capable of 
producing a third phase adjustment output for a third 
charge pump in series with a clock generator, and said 
first, second, and third phase detectors connected in 
parallel. 

The new PLL circuits and new method described 
herein are particularly advantageous in that they make 
it possible to use, although not limited thereto, current 
CMOS fabrication technology to build PLL circuits for 
clock generation, alignment with incoming data, and re- 
covery, as well as for data sampling and recovery. 

The invention is described further hereinafter by 
way of example only, with reference to the accompany- 
ing drawings in which: 



Fig. 1 is a block diagram of a known simple PLL 
circuit 10 that uses a single clock pulse with a de- 
cision circuit 12, to export data from the PLL (along 
arrow 1 4); 

Fig. 2 is a block diagram of a circuit embodying the 
present invention using, in this example, five adja- 
cent clocks (labelled CLOCK1 - CLOCKS); 
Fig. 3 is a timing diagram illustrating incoming data, 
five adjacent clocks, two clocked outputs, and the 
result of an AND operation of the two clocked out- 
puts (one clocked output having, first, been invert- 
ed); 

Fig. 4 is a schematic data sampler according to an 
embodiment of the invention whereby incoming da- 
ta is sampled with five adjacent clocks; 
Fig. 5 is a schematic diagram of a phase detector 
according to an embodiment of the invention, which 
can be implemented with Figs. 2 and 4, whereby 
two data sampler outputs are used with a reference 
CLOCK4 along with the incoming data for phase de- 
tection; 

Figs. 6 and 7 are timing diagrams illustrating wave- 
forms for two example conditions where Fig. 6 



shows CLOCK4 lagging data 21 and Fig. 7 shows 
CLOCK4 leading the data; and 
Fig. 8 is a schematic diagram illustrating an embod- 
iment of the invention having three phase detectors 
5 in parallel, all feeding into a loop filter for phase cor- 
rection. 

A known simple PLL circuit 10 is shown in Fig. 1 
(see IEEE Journal of Solid State Circuits, Vol. 23, No. 
w 3, June 1988 Multi-Gigabit-Per-Second Silicon Bipolar 
IC's for Future Optical-Fibre Transmission Systems, 
esp. Figs. 1,19, and 25) and uses a single clock pulse 
15 generated by Voltage-Controlled Oscillator (VCO) 
18, and a decision circuit 12 (which could be a master- 
15 slave D flip flop), to export data from the PLL (along ar- 
row 14) for use, elsewhere, in a computer system. An 
integrated circuit component operating as a phase de- 
tector 16 is used, here, to send an output to charge 
pump 13 for charging VCO 18 either "up" or "down", as 
20 required. This allows for phase correction of the clock 
signal 15 (generated by VCO 18) to take place. 

As can be readily seen in Fig. 2, an improved PLL 
circuit 20 has a clock generator 22 for generating, in this 
case, five phase-shifted adjacent clock signals 23 (as 
25 shown, also, in Fig. 3) which are fed via 24 into data 
sampler 26 for sampling bits of incoming data 21 which 
have entered the sampler along 21c (operation details 
will be described in connection with Fig. 4). Two of the 
five clocked outputs 28 (labelled D1 and D2 at 30, also 
30 shown in Figs. 3 and 4) enter phase detector 34 of PLL 
20, along with two (CLOCK3, CLOCK4 at 25) of the five 
clocks 23 and input data (at 21b). The operation of 
phase detector 34 will be described in more detail in con- 
nection with Fig. 5. Phase adjustment outputs 35a and 
35 35b enter charge pump 36 to either speed "up* or 
"down" the clock generator 22 so that phase adjust- 
ments can be made to the clock signals generated for 
the PLL. A loop filter 38 has been included. Clocked out- 
put data is exported along 32 from the PLL for use, else- 
40 where, in a computer system. Similarly, clock signals (in 
this example, five) can be exported from the PLL along 
27 for use, elsewhere, in a computer system. 

The clock generator is preferably a Voltage-Control- 
led Oscillator capable of generating n phase-shifted ad- 
45 jacent clock signals (or "clocks"). The two reference 
texts cited earlier, Electronic C ommunication Tech- 
niques *nH Principles of CMOS VLS I Design, A Sys- 
tems Perspective , as well as the Circuits & Devices ar- 
ticle Designing On-Chip Clock Generators describe var- 
50 ious types of available VCOs and their design consider- 
ations. Preferably, a multivibrator or ring oscillator VCO 
can be used. One popular design of such oscillator com- 
prises a current-starved ring oscillator, in which the 
charge and discharge currents are modulated by the 
55 control voltage (see, also, Fig. 5 of Designing On-Chip 
Clock Generators). Either of the two known types of 
charge pumps described in the Designing On-Chip 
Clock Generators article (a current-type or a voltage- 
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type) can be used in the Fig. 2 implementation. As will 
be described in further detail below, if a current-type 
charge pump is used and an "up" adjustment is needed 
to speed up the VCO (because the clocks are lagging 
behind), a switch is closed for one clock period to send 
a positively-flowing current from a current-source 
through the charge pump and into the VCO. The loop 
filter 38 can preferably be a low-pass filter. Using the 
analogy of water in a reservoir, a low-pass filter behaves 
like a big reservoir into which the charge pump can pour, 
or from which the pump can take. The output of the filter, 
represented by total reservoir water level, controls the 
frequency of VCO 22. The reservoir needs to be big 
enough so that any transient disturbances will not sig- 
nificantly change the water level. 

Turning now to Fig. 3, a five-stage VCO can be built 
to generate five phase-shifted clocks. Each phase-shift- 
ed clock is delayed an amount equal to the incoming 
data period ("T^g" at 48). By way of example, in the 
event incoming data 21 is moving at a rate of 1 -Gb/sec ( 
T data equals 1-nsec (i.e., the inverse of 1-Gb/sec). Thus, 
the frequency of such a five-stage VCO need only be 
200 MHZ (i.e., 1/5 of 1 GHz). A 200 MHZ five-stage VCO 
can be implemented using known CMOS technology. 
Each of five clock phases generated by VCO 22 is used 
to sample the incoming data 21 in succession with data 
sampler 26 (see, also, Fig. 4), so that a total of five in- 
coming bits 21 can be sampled during each 5-nsec clock 
period ( w T dock t ' at 46 in Fig. 3). Thus, an effective sam- 
pling rate of 1-Gb/sec : which is also the incoming data 
rate of this example, can be achieved for phase-locking. 

Fig. 4 illustrates a preferred data sampler 26 for this 
five-clock example. Each phase-shifted clock, CLOCK1 
through CLOCKS shown at 41 - 45, samples successive 
incoming data bits 21 using a positive-edge triggered D 
flip-flop (or D latch). Five such D flip-flops are shown at 
51 - 55. Incoming bits enter (along 21 c) each flip-flop so 
that each of the adjacent clocks (41 - 45) can be used 
to clock a successive incoming bit. The clocked outputs 
are shown, respectively, along 61 - 65. 

To ensure that each incoming data bit is strobed (or 
sampled) at the centre of the bit cells, it is important to 
control the timing of the phase-shifted clocks. In Fig. 3, 
the phase-shifted clocks are aligned with incoming data 
21: The rising and falling data state changes occur in 
line with respective falling edges of the clocks. This is 
not necessarily always the case (as will be discussed in 
connection with Figs. 6 and 7). Therefore, a phase de- 
tector at 34 in Fig. 5 is used to check alignment of a 
reference clock (in this example, CLOCK4 at 44) gen- 
erated by VCO 22. Turn, again, to Fig. 3. The state 
change of incoming data 21 between the rising edges 
of CLOCK1 (41) and CLOCK2 (42) is aligned with the 
falling edge of reference CLOCK4. If CLOCK4 (44) is 
sampled when incoming data 21 is between the rising 
edges of CLOCK 1 and CLOCK2, it can be determined 
whether reference CLOCK4 (and, correspondingly, the 
other phase-shifted clocks) is leading or lagging the in- 



coming data. Once this has been determined, an appro- 
priate adjustment output can be sent to a charge pump 
36 and on to VCO 22 (through a loop filter 38) as ex- 
plained in connection with Fig. 2. 
5 The preferred phase detector 34 in Fig. 5 uses input 

data 21b to sample (strobe) reference CLOCK4 (44) by 
operation of a D latch 70. Using a flip-flop 76 into which 
the output 68 of AND gate 67 is used for reset, CLOCK3 
(43) samples the output 72 of D latch 70. Using a second 
flip-flop 78 into which the output 68 of AND gate 67 is 
used for reset, CLOCK3 (43) samples the inverted out- 
put 74 of D latch 70. Reference CLOCK4 is used to clock 
the output 77 of flip-flop 76 by operation of D latch 82 to 
produce an "up" phase adjustment output 35a. Refer- 
ence CLOCK4 is additionally used to clock the output 
79 of flip-flop 78 by operation of a second D latch 84 to 
produce a "down" phase adjustment output 35b. 

The timing diagrams in Fig. 6 illustrate a situation 
where strobing CLOCK4 (44) between the rising edges 
of CLOCK1 (41) and CLOCK2 (42) results in a "1" (or 
"high") phase adjustment output 35a, indicating that the 
phase-shifted clocks are lagging (at 60a) the incoming 
data 21. In this case, the charge pump will pump the 
VCO "up" for one clock period (represented by T dock at 
46 in Fig. 3) to speed up the VCO. If the charge pump 
is a current-type, a first switch will close for one T ctock 
to send a positive current through the charge pump. If 
the charge pump is a voltage-type, a first switch will like- 
wise close within the pump to increase the VCO oscil- 
lation voltage. 

The timing diagrams in Fig. 7 illustrate a situation 
where strobing CLOCK4 (44) between the rising edges 
of CLOCK1 (41) and CLOCK2 (42) results in a "0" (or 
"down") phase adjustment output 35b, indicating that 
the phase-shifted clocks are leading (at 60b) the incom- 
ing data 21. In this case, the charge pump will pump the 
VCO "down" for one clock period (represented by T c!ock 
at 46 in Fig. 3) to slow down the VCO. If the charge pump 
is a current-type, a second switch in the charge pump 
will close for one T clock to send an oppositely-flowing 
current therethrough. If the charge pump is a voltage- 
type, a second switch will likewise close within the pump 
to decrease the VCO oscillation voltage. 

Note that phase adjustment is done in coordination 
with the length of a clock cycle (T dock at 46 in Fig. 3). In 
the event that making phase adjustments every T dock's 
considered too long relative to the incoming data rate, 
it may be desirable or necessary to strobe the incoming 
data more often. Fig. 8 illustrates one implementation of 
the invention at 90 that includes a second phase detec- 
tor 94 in series with a second charge pump 96 and a 
third phase detector 104 in series with a third charge 
pump 106. The outputs of the three charge pumps 36, 
96, 106 are input into loop filter 38 (along 37, 97, 107) 
to adjust the clock generator 22 more frequently. Just 
as two clocks (CLOCK3 and a reference CLOCK4) are 
input via 25 into phase detector 34, two clocks (CLOCK4 
and a reference CLOCKS which is strobed for alignment 
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with incoming data 21 d) can be input via 95 into phase 
detector 94. Similarly, two clocks (CLOCK1 and a refer- 
ence CLOCK2 which is strobed for alignment with in- 
coming data 21 e) can be input via 105 into phase de- 
tector 1 04. Phase detector 94 uses two clocked outputs 
(D2, D3 along 92) and phase detector 104 uses clocked 
outputs (D4, D5 along 102). "Up" 98a and "down" 98b 
adjustment outputs from phase detector 94 will feed into 
charge pump 96. Likewise, "up" 108a and "down" 108b 
adjustment outputs from phase detector 104 will feed 
into charge pump 106. 

Based upon the desired or required frequency of 
phase adjustments to a PLL clock generator, a circuit 
can be fabricated to strobe, in between the rising edges 
of two adjacent clocks, each of the generated phase- 
shifted clocks for alignment with incoming data 21 . Such 
a circuit can be readily designed with five parallel phase 
detectors (corresponding to the five phase-shifted 
clocks generated in this example) using CMOS technol- 
ogy. 

By way of additional examples, CMOS technology 
can also be used to implement the new method and PLL 
circuits of the invention using a clock generator having, 
theoretically, any number of stages for producing any 
number of phase-shifted clocks. A three-stage clock 
generator is built for data incoming at a rate of 1-Gb/sec 
would have to operate at 333.33 MHZ (or 1/3 times 
1-Gb/sec). Likewise, a seven-stage clock generator 
buitt to recover data, also incoming at a rate of 1-Gb/ 
sec, would need to operate at 142.86 MHZ, and so on. 
The data sampler for a three-stage VCO would include 
three incoming bit sampling devices. A data sampler for 
a seven-stage VCO would use seven incoming bit sam- 
pling devices, and so on. In any case, two adjacent 
clocked outputs could be input into a phase detector 
along with a reference clock and the incoming data for 
phase adjustment of the clock generator in accordance 
with principles discussed herein. 

While certain representative embodiments and de- 
tails have been shown for the purpose of illustrating the 
invention, those skilled in the art will readily appreciate 
that various modifications may be made to the invention 
without departing from the novel teachings or scope of 
this invention and so the present invention is not restrict- 
ed to the details of the foregoing embodiments. 



Claims 

1 . A circuit for determining whether a reference clock 
signal is coincident with incoming data, character- 
ised by means for determining whether one of n 
phase-shifted adjacent clock signals of a phase- 
locked loop (PLL) (20) is coincident with the incom- 
ing data, and comprising: 

a data sampler (26) for sampling bits of the 
incoming data with each of the adjacent clock sig- 
nals, wherein a first of the adjacent clock signals 



clocks said bits 0, 0+n, 0+2n, .... and a second of 
the adjacent clock signals clocks said bits 1, 1+n, 
1+2n, ... . 

5 2. A circuit as claimed in Claim 1 , wherein the adjacent 

clock signals operate at a frequency less than the 

incoming data frequency; and 

further comprising a first pair of outputs (D1 , 

D2) from said sampler (26) having been produced 
10 from two of the adjacent clock signals for use in a 

first phase detector (34) along with the reference 

clock signal and the incoming data. 

3. A circuit as claimed in Claim 2, wherein said first 
15 phase detector (34) is capable of producing a phase 

adjustment output for a charge pump (37) connect- 
ed in series with a clock generator (22) having gen- 
erated the adjacent clock signals to operate at a 
trimmed frequency close to 1/n times the incoming 
20 data frequency. 

4. A circuit as claimed in Claim 2, wherein a pair of the 
adjacent clock signals, one of which is the reference 
clock (25), is used in said first phase detector (34); 

25 and 

said first phase detector further comprises a 
logic- AND device (67) for operating on said first pair 
of outputs (D1.D2), one of which is inverted, and a 
first latch (70) for sampling the reference clock with 
30 the incoming data. 

5. A phase-locked loop (PLL) circuit (20) for recover- 
ing a clock signal from incoming data (21), charac- 
terised by: 

a clock generator (22) for generating an odd 
number, n, of phase-shifted adjacent clock sig- 
nals; 

a data sampler (26) for sampling the incoming 

40 data; and 

afirst pair of outputs (D1 , D2) from said sampler 
(26) for use in a first phase detector (34) along 
with a reference clock of said adjacent clock 
signals and the incoming data wherein said 

45 phase detector (34) is capable of producing an 

adjustment output for said clock generator (22). 

6. A circuit for determining whether a reference clock 
signal is coincident with incoming data, character- 
50 ised by means for determining whether one of n 
phase-shifted adjacent clock signals of a phase- 
locked loop (PLL) (20) is coincident with the incom- 
ing data; 

55 a data sampler (26) for proving a first pair of 

clocked outputs and for use in a first phase de- 
tector (34) along with the reference clock sig- 
nal; and 
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a second pair of clocked outputs wherein from 
said sampler (26), wherein at least one of said 
second pair is different from said first pair, is 
used in a second phase detector (94) along with 
a second reference clock signal of the adjacent s 
clock signals. 



7. A method of recovering data in a phase-locked loop 
(PLL) (12) characterised by the steps of: 

generating n phase-shifted adjacent clock 10 
signals for sampling bits incoming to the PLL; 
wherein a first of said adjacent clock signals clocks 
said bits 0, 0+n, 0+2n. .... and a second of said ad- 
jacent clock signals clocks said bits 1, 1+n, 
1+2n is 



8. A method as claimed in Claim 7, wherein n is an 
odd number, and further comprising the step of us- 
ing a third of said adjacent clock signals to clock 
said bits 2, 2+n, 2+2n, ... 20 



9. A method as claimed in Claim 7 or 8, wherein said 
step of generating comprises using an n-stage volt- 
age-controlled oscillator operating at a trimmed fre- 
quency close to 1/n times the frequency of said bits; 25 

using a fourth of said clock signals to clock said 
bits 3, 3+n, 3+2n, .... and using a fifth of said 
clock signals to clock said bits 4, 4+n, 4+2n, ...; 
detecting whether a reference clock of said ad- 30 
jacent clock signals is aligned with said bits; 
and 

outputting the data from the PLL. 

10. A method as claimed in Claim 9, wherein said step 35 
of detecting further comprises the steps of: 



using a logic-AND device (67) on a first pair of 
said sampled outputs, one of which having first 
been inverted; 40 
sampling said reference clock with said bits for 
input into each of a first and second flip-flops; 
and 

sampling an output of each of said first and sec- 
ond flip-flops with said reference clock to pro- 45 
duce any requisite phase adjustment output. 
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(54) Data sampling and recovery 



(57) The invention provides for a circuit for detecting 
whether a reference clock signal (23) which can be one 
of n phase-shifted adjacent clock signals, of a phase- 
locked loop (PLL) (20) is aligned with incoming data 

(21) , comprising a data sampler (26) for sampling bits 
of the incoming data (2 1 ) with each of the adjacent clock 
signals (23), wherein a first of the adjacent clock signals 
(23) clocks bits 0, 0+n, 0+2n, ... and a second of the 
adjacent clock signals clocks bits 1, 1+n, 1+2n, ... . Al- 
so, a PLL circuit for recovering a clock signal from in- 
coming data is provided, comprising a clock generator 

(22) for generating an odd number, n, of phase-shifted 
adjacent clock signals; a data sampler (26) for sampling 



the incoming data; a first pair of outputs from the sam- 
pler, for use in a phase detector (34) (along with a ref- 
erence clock (25) of the adjacent clock signals and the 
incoming data), capable of producing an adjustment 
output. Another characterization is a method for recov- 
ering data in a PLL comprising the steps of: generating 
n phase-shifted adjacent clock signals for sampling bits 
incoming to the PLL; wherein a first of the adjacent clock 
signals clocks bits 0, 0+n, 0+2n, and a second of the 
adjacent clock signals clocks bits 1 , 1 +n, 1+2n, ... .Sim- 
ilarly, a third of the adjacent clock signals can be used 

to clock bits 2, 2+n, 2+2n as well as a fourth and fifth 

of the adjacent clock signals 
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